ABSTRACT
INTRODUCTION
Wind rush and wind buffeting noise are among the dominant automotive noise sources. Sunroof buffeting is a flow excited resonance phenomenon that usually occurs at low speeds (30-40mph) 1 . The coupling of the acoustic frequency of the passenger compartment to the periodic instability in the shear layer off the vehicle roof results in the production of high amplitude sound levels. It involves break up of the shear layer into discrete vortices, convection of the vortices with the flow, interaction of the vortices with the downstream edge of sunroof opening and feedback of acoustic disturbance through the vehicle compartment 2,3 . This inherently unsteady flow phenomenon exhibits complex flow physics and poses several challenges for numerical simulations.
Two of the important geometric parameters for the sunroof-buffeting phenomenon are the volume of the passenger compartment and the length of the sunroof opening. Other geometric parameters include the roof curvature and windshield slope. The significance of these parameters is not yet well known. There are many analytical expressions available to estimate the vortex shedding frequency of the shear layer. One such formula 1 for turbulent boundary layers is given by:
Where U is the free stream velocity, L is the length of the sunroof opening, N is the number of vortices present across the opening. N=2 is generally observed for a typical sunroof on an automobile. No such formula exists for estimation of the noise magnitude in the passenger compartment.
CAE tools are playing an increasingly significant role in the design and development of new automotive vehicles. Building a hardware model is a relatively time consuming process. CAE analysis can be used to identify and improve the performance attributes at a much earlier stage in the design process. CFD analysis for wind noise prediction is one such area that has potential to contribute towards significant reduction in the hardware testing and thus reducing the design time for a vehicle.
The primary outputs required from the CFD analysis are the buffeting frequency and the peak noise magnitude at the buffeting frequency. PAM-FLOW software has been used for sunroof buffeting analysis at GM for the past few years. Numerical predictions are in very good agreement with the wind-tunnel measurements 4 . This paper presents the contribution of numerical analyses to the design of sunroof-buffeting noise control mechanisms.
There are many methods for suppressing the sunroof buffeting. Two of the methods used in the automotive sunroof industry are:
